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I. Introduction
During the past decade evidence has been mounting that The ubiquity of this spectrum suggests that free molecular PAHs are common throughout interstellar space, and the intensity of the bands indicates that they are as abundant as the most abundant polyatomic interstellar molecules known.
As much as 30-40% of the radiant energy from some of these sources is emitted in this family of bands. Reviews of this field can be found in ref This paper is laid out as follows. The experimental technique is briefly summarized in section II. In section HI criteria used to identify the cation bands are described. Section IV presents the near-and mid-infrared spectra of the anthracene and tetracene cations and of the pentacene anion and cation. These results are also discussed in section IV, where the spectra are compared to that of naphthalene and trends are pointed out.
Finally, the astrophysical implications are described in section V.
H. Experimental Section
Individual PAH molecules are isolated in an argon matrix where they are photoionized and probed spectroscopically. The techniques will be described only briefly as our experimental procedure has been presented in detail previously. 9J°Matrix samples were deposited on a 10 K CsI window suspended in an ultrahigh-vacuum chamber (p _ 10 -8 mTorr 
III. Cation Band Identification
As in previous studies of PAIl cation spectra, three criteria must be met before a photoprodnct band is attributed to a particular PAH cation. First, the bands must only appear when the associated neutral PAH is present in the matrix. A number of control experiments have been carried out to ensure that this is the case. Second, the bands attributed to the cation must be markedly enhanced when CCh, an electron acceptor, is present in the matrix at a concentration of I part in 200. This behavior establishes that the bands arise from a positive ion. This effect is demonstrated
in Figure 1 , which shows part of the tetracene cation spectrum generated both with and without CCh in the matrix.
Third, all the bands attributed to the cation must evolve in a similar fashion. Spectra collected as a function of photolysis time show that all of the bands assigned to the respective cation grow and decline together in a manner distinct from other features produced by photolysis. These band correlation plots are presented below along with the appropriate spectroscopic data.
In general, the intensities of the bands corresponding to the PAH cation peak after 4-8 rain of photolysis and then 
IV. Results
The positions and relative intensities of the mid-infrared cation bands for the polyacenes anthracene (C14I-I10+), tetracene (CIsHI,_+), and pentacene (C_Hla +) are compared with those of naphthalene (CIoH8 +) in Table 1 . These spectra are discussed below.
Only those regions of the spectrum where cation bands appear are shown. Frequency (cnrt) Figure  4 . The band frequencies and relative intensities are listed m Table 1 . The evolution of the bands assigned to the cation with Ly-ct photolysis is plotted in Figure 5 . As with several ions previously studied, this band correlation, one of the criteria of ion assignment, is looser for the weaker bands whose signal-tonoise ratios lie in the 2-3 range. As such, the band does not fall in the range classically associated with nonadjacent hydrogens, but several cm -] beyond the highfrequency limit. This is consistent with previous results which have indicated that the force field for the cation is quite different from that of the neutral. Based on the measured upper limit of 11% ionization and using an argument analogous to that presented for the anthracene cation, the nonadjacent CH outof-plane mode of the tetracene cation is suppressed by a factor of 11 from its value in the neutral molecule.
The Pentacene
Cation, C22H14 +. The mid-infrared absorption spectrum of the pentacene cation is shown in Figure 6 . The cation band frequencies and relative intensities are listed in Table   1 . The evolution of the bands assigned to C20H_2 ÷ with Ly-et photolysis is plotted in Figure 7 . On the other hand, the 933.9 cm-t cation band lies 10-20 cm -_ beyond the upper limit to the frequency range normally attributed to nonadjacent hydrogens. Nevertheless, we attribute this to an out-of-plane bend of the nonadjacent hydrogens in the pentacene cation both because it is about I00 cm -t below the lowest frequencies normally attributed to a CHin-plane bend and because its position, integrated intensity, and frequency shift from the corresponding neutral band (_30 cm-1 to higher frequency) are all consistent with those of the nonadjacent CH out-of-plane bends in the other polyacene cations.
If the 933.9 and 748.5 cm -1 bands correspond respectively to the 900 and 731 cm -1 CH out-of-plane bending features of neutral pentacene, we estimate (on the basis of the measured upper limit ionization efficiency of 12%) that their intensities are suppressed relative to their value for the neutral molecule by a factor of 3.5, a value entirely consistent with those of the other polyacenes.
On the other hand, the behavior of the 862.0 cm -_ band is anomalous.
If the 862.0 cm -1 cation band corresponds to the 824 cm -_ neutral band, we find that its intensity is suppressed by a factor of 20. While suppression by this magnitude is not unprecedented for a CH out-of-plane mode (the CH out-of-plane bend in the naphthalene cation is suppressed by a factor of 18), it is certainly one of the most extreme cases observed to date and conflicts with the much more modest value (3.5) observed for the other out-of-plane CH bends in the molecule.
Again, if these assignments to CH out-of-plane bends are correct, and important cation bands have not been missed due to screening by neutral species, the force field for the cation is sufficiently different from that of the neutral that these out-ofplane motions are not only reduced dramatically in intensity, but that the bond strengths and interactions are altered as well. Figure 6 . However, just as reproducibly, the spectra of photolyzed ArlCCh/pentacene samples fail to show any trace of these features despite the enhancement that is observed in the cation bands.
Furthermore, it is perhaps suggestive that a number of these features seem paired with cation features (e.g., 1218.8, 1349.2, and 1372.8 cm-1), appearing consistently with similar intensity and _20 cm-l lower in frequency. We believe that the observed behavior of these bands is consistent with their originating from the anion of pentacene. In experiments which do not involve an electron acceptor, the neutral pentacene molecules themselves accept the electrons generated by photolysis, forming the anion of the molecule. For those experiments which do employ an electron acceptor, CCh is present in the matrix at a much higher concentration than the PAH and presumably scavenges the free electrons preventing anion formation.
The fact that pentacene has the highest electron affinity (_1-1.5 eV) of any of the PAl-Is which have been studied to date (typically EA _0.5 eV) is also consistent with this scenario. If this interpretation is indeed correct, it indicates that there is a distinct electron affinity threshold between ,_,0.5 and 1.0 eV for the formation of matrix-isolated anions.
Molecular species which fall below this limit may not be observable in their anionic form while isolated in matrices.
Further investigation of this phenomenon will be necessary to fully understand the observations.
It should be noted that the production of matrix-isolated anions is by no means unprecedented. The application of electron spin resonance (ESR) spectrometry to the study of Hudgins and Allamandola Table 2 for the near-IR spectra were measured on the same matrices for which the mid-IR bands listed in Table 1 were measured.
An interesting trend emerges in the ratio of the strongest near-infrared cation band to the strongest mid-infrared cation band as we move across the polyacene family from its smallest to its largest members.
The ratio for the naphthalene cation has been reported previously as The results of these experiments will be reported separately.
The near-infrared data are presented on an individual basis below.
The Naphthalene
Cation, C loHs+. The near-infrared spectrum of the naphthalene cation isolated in an argon matrix is shown elsewhere) _.2s.2a The frequency of the strongest band is listed in Table 2 .
The Anthracene
Cation, C l4H io+. The Tetracene Cation, C1sH12 ÷. The near-infrared spectrum of the tetracene cation is shown in Figure 8 with frequencies and relative intensities listed in Table 2 . The near-infrared spectrum of the tetracene cation isolated in argon has been discussed by Andrews et al. 25
The Pentacene Cation, C22HI4 +. The near-infrared spectrum of the pentacene cation is shown in Figure 9 with frequencies and relative intensities listed in Table 2 . 
V. Astrophysical Implications
The Chem., Vol. 99, No. 22, 1995 8985 (6.7 and 7.5/zm) and near 1180 cm -1 (8.5 #m), regions of only moderately intense interstellar emission between the strongest interstellar emission bands. These very strong polyacene bands also tend to fall in gaps in the spectra of the other PAIl cations studied to date, suggesting that while PAHs with polyacene structures may contribute to portions of the interstellar emission spectra, they are not dominant members of the interstellar PAH family.
VI. Condusions
The near-and mid-infrared spectra of the anthracene, tetracene, and pentacene cations isolated in argon matrices are presented.
The mid-infrared spectrum of the argon matrix isolated pentacene anion is also reported. Ions were generated by in-situ photolysis.
The strongest mid-infrared absorption bands of these PAIt cations fall between 1600 and about 1200 cm -I and near 1180 cm-i, the CC stretching and CH in-plane bending region. These tend to be 2-5 times more intense than the bands due to the CH out-of-plane bending modes.
The strongest bands tend to fall in groupings between 1500 and 1300 cm -I. On the other hand, the CH out-of plane bending modes in the cation are strongly depressed with respect to the neutrals.
Only weak new bands grow in the normally very strong CH out-of-plane bending region between about 900 and 600 cm -_. The extent to which these out-of-plane motions axe reduced in intensity and the bond strengths and interactions are altered is far more than would be expected on first principles by the removal of one electron from the :r system. Similarly, as has been the case with previous PAH cations studied, no new features were found in the CH stretch region between 3200 and 2900 cm -1, implying that the CH stretching modes of the cation are comparable to or weaker than for the neutral species.
Theory predicts them to be weaker, t5
The strongest cation bands coincide with CC stretching and CH in-plane bending modes, behavior just opposite that for the neutral species. This is important for the interpretation of the astronomical emission spectra which are dominated by very intense features in this region. Since most PAHs in the emission zones would be ionized, this apparent spectral characteristic of PAH cations gives strong support to the interstellar PAH hypothesis.
The strongest absorptions in the polyacenes anthracene, tetracene, and pentacene tend to group around 1400 cm -I (between about 1340 and 1500 cm -_) and near 1180 cm -_, regions of only moderately intense interstellar emission between the strongest interstellar emission bands. These very strong polyacene bands also tend to fall in gaps in the spectra of the 
